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Abstract 
 
The study aims to experimentally assess visual comfort and overheating in a highly glazed office equipped with electrochromic 
windows which are controlled according to an algorithm previously developed and optimized using dynamic simulation. To assess 
visual comfort we built two scale models of an office localized in the south of Belgium. The first one is equipped with an 
electrochromic window, the second one with a reference window. To assess the risk of overheating, experimental tests were 
performed in a climatic chamber, using an emulation of the dynamic solar gains, the internal gains and the outdoor climate in the 
buffer zone surrounding the climatic chamber. 
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1. Introduction 
 
Active windows take part in the management of visual comfort and overheating as well as cooling and heating 
demands and lighting consumption. Their interest is particularly increased in highly glazed office buildings. 
“Switchable windows give vision to the outside and help save energy” [1]. Hulsey performed simulations using 
TRNSYS. She showed that electochromic glazing could help to eliminate much of the overheating. Zinzi [2] 
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conducted a survey. In short, the occupants told that the electrochromic glazing provided a uniform level of daylight 
in the room if there was no beam irradiation and if the sky illuminance was not high. The Lawrence Berkeley National 
Laboratory also conducted a survey [3] to test an electrochromic window. In general, subjects like the 
electrochromic glazing, but most of them would have preferred that the glazing transmission could get lower (in this 
case the minimum level was 6%). 95% of the subjects were affected by glare during the tests. Occupants highly 
appreciated the continuous view to the outside offered by the electrochromic window. The blind was used by 1/3 of 
the occupants mainly to eliminate glare phenomena. Other studies dealt with integrated control strategy and its 
impact on indoor comfort. In the experimental part of their research [4], the authors used an electrochromic glazing 
controlled according to a fuzzy rule-based algorithm. They showed that varying the glazing transmission helps easily 
to achieve the desired indoor temperature and indoor illuminance. 
In this paper we study the overheating risk according to the adaptive approach described by EN 15251 standard 
[5], and visual comfort, in a south-facing and 90% glazed office. The electrochromic window is controlled according 
to an algorithm previously established using dynamic simulation of which results will be  shortly published. The study 
on the overheating risk was performed in a climatic chamber (section 2) while the work on the visual comfort was 
conducted using two scale models of an office (section 3). 
 
2. Thermal comfort 
 
2.1. Methods 
 
Tests were performed in the laboratory climatic chamber at Arlon Campus Environment in the south of Belgium 
(Fig. 1). The climatic chamber is surrounded by a buffer zone in which a summer outdoor climate is emulated. The 
climatic chamber can be considered as a low inertia building according to the Walloon thermal regulation (PEB). 
Walls and roof of the climatic chamber have the following composition: wooden panel (12mm), wooden structure 
including rock wool panels (140mm) and wooden panel (12mm). Floor is mainly composed by stone (200mm), 
reinforced concrete (140mm), extruded polystyrene (80mm), mortar slab (100mm) and rock wool (60mm). The aim 
of these tests is to assess the risk of overheating for relatively extreme summer conditions, in an office. We 
compared the case of an electrochromic window in the dark state with that of a reference clear window. In this way 
two tests were performed for 4 days for each test. There is no solar simulator so the solar gains are emulated by 
heating carpets. The main characteristics of the electrochromic glazing and the reference one are listed in the table 1. 
 
 
 
Fig. 1. The climatic chamber dimensions are 5m×4m×2.5m. A summer outdoor climate is imposed in the buffer zone. 
 
Table 1. Main characteristics of the electrochromic and the reference glazings. 
 
Glazing Light transmittance Solar 
transmittance 
Reflectance Solar heat gain 
coefficient 
U-value (W/m2K) 
Electrochromic 
Clear 0.463 0.230 0.197 0.315 1.25 
Intermediate 0.384 0.176 0.137 0.263 1.26 
Intermediate 0.317 0.140 0.108 0.227 1.26 
Intermediate 0.255 0.109 0.089 0.196 1.27 
Dark 0.150 0.064 0.071 0.150 1.27 
Reference 0.786 0.596 0.112 0.709 1.26 
 
Before starting experiments, we assessed, using dynamic simulation, solar gains absorbed by the interior surfaces 
and the window during the sunniest days of summer in Brussels. We simulated the climatic chamber using TRNSYS 
as if it was exposed to the outdoor environment and was a south facing 90% glazed office. To assess the solar gains 
for the case of the reference glazing, we considered that the glazing was coupled to an external shading that closes at 
50% when the solar irradiation on the window exceeds 180W/m2  and opens when the solar irradiation drops   below 
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140W/m2. Then we emulate these solar gains in the climatic chamber using electrical heating carpets and we impose 
a sinusoidal temperature in the area surrounding the climatic chamber between 18°C and 25°C. The adaptive 
approach takes into account the external running mean temperature for seven days to define the comfort indoor 
operative temperature. The mean buffer running temperatures are respectively 21.5°C and 22°C for both tests. We 
also impose 320W internal gains equivalent to a person with his computer during a working day (8h00-18h00). The 
climatic chamber is ventilated continuously (day and night) with a decentralized mechanical ventilation with heat 
recovery – described in [6,7] – at 2h-1. This air change rate, according to EN 15251 standard [5], corresponds to the 
category I for low-emission building. Finally we measure the operative temperature within the climatic chamber. We 
assess the risk of overheating according to EN 15251 Standard by following the adaptive approach which is 
described in detail in the Standard. 
 
2.2. Results and discussion 
 
Figure 2 represents cumulative frequencies of operative temperatures within the climatic chamber for both tests. 
They are compared to the categories 1, 2 and 3 of EN 15251 standard. First, note that the categories used by the 
standard are used for an entire non-heating season and actually the occupant of the office has the ability to open the 
door and the window. Large outdoor air flows would contribute to cool the room. This is the basis of the adaptive 
comfort. But our tests were done in exceptional summer conditions; the door and the window were closed every 
time. So in realistic conditions the comfort will be better. However for these extreme conditions, if we consider the 
case of the electrochromic glazing which is represented by the right curve of figure 3, then we notice that operative 
temperatures meet the category 3 of EN 15251, which corresponds to an acceptable level of comfort for existing 
buildings, 90% of the time. Indoor operative temperatures never exceed 30°C. Category 2, which is valid for new 
buildings and renovation, is met 70% of the time. According to the standard there is a category 4 of thermal comfort. 
This comfort level may be allowed only for a limited time of the year. The standard does not give the parameters of 
the function for this category, but if we follow the approach used by the standard to establish the first three categories, 
we easily show that the upper temperature limit in this category in summer would be 30.9°C. In this case, all the 
measured indoor operative temperatures are below this limit which is acceptable for a short time of the year. If we 
consider the reference glazing, we notice that comfort is in accordance with the level 3 of the standard 43% of the time 
and temperatures can exceed 39°C. Overheating is obvious. In short, we can say that electrochromic glazing coupled 
with a relatively low night ventilation rate would remove overheating even in relatively extreme conditions. This could 
not be realized with a clear glazing coupled with the same night ventilation rate and with shading. 
 
 
 
Fig. 2. Cumulative frequencies of indoor operative temperatures measured within the climatic chamber. The left figure represents tests for the 
reference glazing while the right one corresponds to tests for the electrochromic one. They are compared to the categories 1, 2 and 3 of EN 15251 
standards. Category 1: High level of expectation and is recommended for spaces occupied by very sensitive and fragile persons with special 
requirements. Category 2: Normal level of expectation and should be used for new buildings and renovation. Category 3: An acceptable, moderate 
level of expectation and may be used for existing buildings [5]. 
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3. Visual comfort 
 
3.1. Methods 
 
Tests were performed by using two south-faced scale models of an office (figure 3). The first one is equipped 
with the electrochromic glazing while the second one is equipped with a reference clear glass. The aim of these tests 
is to assess visual comfort in a highly glazed office equipped with electrochromic glazing by evaluating different 
visual comfort indexes. In both cells there are two inner luxmeters placed centrally relative to the width of the cell 
and respectively at 64cm and 96cm from the window. On the vertical facade of the reference cell we placed a 
luxmeter to measure the vertical illuminance. On the roof of the electrochromic cell we placed a luxmeter to 
measure the horizontal illuminance. The measurement range for the inner luxmeters is [0; 30000lux] while it is [0; 
150000lux] for the external luxmeters. Illuminance measurements were recorded every minute for the months April, 
May and June 2014. In April the electrochromic glazing was in dark state. In May and June, the control strategy 
previously developed using dynamic simulation and explained in an upcoming publication, was implemented. All 
considered illuminances were measured between 8am and 6pm. Figure 3 shows both scale models equipped with the 
luxmeters. We also assessed daylight factors. In a second step we measured luminance according to different angles 
to the viewing direction of the occupant who would be inside the office. The luminance measurements were performed 
manually using the Konica LS-100 luminance meter the following days: 1st May 2014, morning of April 22, April 23 
and May 9, every half hour between 8am and 6pm. Finally we assessed the simplified daylight glare probability 
(DGPs) from 7 may 2015 to 13 may 2015. 
 
  
 
 
Fig. 3. The scale models of an office 140cm ×75cm×75cm (the left photo), and the lux meters (the center and right photos). 
 
3.2. Results and discussion 
 
Figure 4 represents cumulative frequencies of the illuminances measured inside both cells for the months April, 
May, and June 2014. From the cumulative frequencies of illuminances we assess the daylight autonomy (DA) taking 
into account illuminances greater than 300lux, and the useful daylight illuminance (UDI) taking into account 
illuminances between 300 and 3000lux. If illuminance is greater than 3000lux then there is over-illumination; if 
illuminance is less than 300lux then the office is not autonomous in daylight and it needs artificial lighting which 
means electricity consumption. Table 2 gives the values for daylight autonomies and useful daylight illuminances. 
 
 
Fig. 4. Cumulative frequencies of indoor illuminances for months April, May, and June. South means that the lux meter is close to the window 
while North means that is near from the back of the cell. 
 
Table 2. Daylight autonomy (DA) and useful daylight illuminance (UDI) inside both cells. 
 
Month State of the 
electrochromic glazing 
DA 
Electrochromic 
UDI 
Electrochromic 
Over-illumination 
Electrochromic 
DA 
Reference 
UDI 
Reference 
Over- 
illumination 
Reference 
April 2014 Dark 55-60% 55-60% 0% 90-95% 63-65% 27-30% 
May 2014 According to the control 40-48% 40-48% 0% 84-88% 76-78% 8-10% 
June 2014 According to the control 6-8% 6-8% 0% 94-98% 82-92% 6-12% 
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In April the DA for the cell equipped with the electrochromic glazing and the UDI vary from 55% to 60% depending 
on the position of the luxmeter inside the cell. This is a good value. Since DA=UDI there is no risk of over-
illumination. We notice that the electrochromic glazing was in dark state but April 2014 was a sunny month and 
the altitude angle is quite low. The risk of over-illumination for the reference cell is between 27% and 30%. In May, 
the DA for the cell equipped with the electrochromic glazing and the UDI vary from 40% to 48%, depending on the 
position of the luxmeter inside the cell, which is a quite good autonomy and there is no risk of over- illumination while 
this risk is 10% for the reference cell. In June the UDI and DA dropped to 6% and 8% depending on the position of 
the luxmeter which is a very low value. In fact the electrochromic glazing was in dark state for the month June 
according to the control strategy which made the glazing work in summer mode. In summer priority is indeed given 
to thermal comfort while in winter it is given to visual comfort. In addition June was less sunny than April. The 
proof of this is that the over-illumination of the reference cell is more important in April than in June. Another 
point is that the altitude angle is higher in June than in April. This means that for summer overcast days, artificial 
lighting will be extensively used since the DA is very low. 
We assessed the daylight factors from the illuminance measurements in the morning of the 1st  of May as the 
weather corresponded to the overcast sky defined by the CIE (International Commission on Illumination). It must be 
a completely overcast sky satisfying these conditions: horizontal illuminance between 20000lux and 30000lux since 
the altitude angle was 40°. We found the daylight factors: 2.5% and 5.1% depending on the luxmeter location (the 
glazing was in clear state); 3.9% and 8.2% for the reference glazing. If we compare these values to those shown in 
[8] then we can say that in the center of the room equipped with the electrochromic glazing the comfort is fine, but if 
we move away towards the back of the room then the clearness sensation becomes low. 
Luminance measurements were performed to assess more precisely the risk of glare. The risk of glare exists 
mainly when the occupant looks towards the sky if the day is sunny and the sky luminance is high, even if the sun is 
hidden by white clouds. In this case internal blinds are necessary. In other cases there is no risk of glare as it is 
shown in figure 5. The values of maximum luminances were taken from [9]. 
 
 
Fig. 5. Luminances measured from inside of the cell according to different angles to the viewing direction of the occupant who would be inside 
the office. The only one case there is a risk of glare is when the occupant looks the sky whose luminance is high (the right figure). In this case, 
50% of the luminance values are higher than the maximum limit (3215cd/m2) while 75% are higher than the limit for the reference glazing. 
 
Finally, we assessed the simplified daylight glare probability (DGPs) by measuring the vertical indoor illuminance 
at eye level inside the electrochromic cell making sure that no direct radiation hits the vertical indoor luxmeter. [10] 
compared five metrics for assessing discomfort glare. They showed that DGP yelds  the most plausible results. [11] 
showed that correlation between daylight glare index (DGI) and the percentage of disturbed persons is quite low. 
That’s why he developed the DGP and showed that the correlation is high [11,12]. He also showed that there was 
a very high linear correlation between DGP and vertical illuminance at eye level when no direct sun and no specular 
reflection hit the eye of the observer [13]. He developed the simplified DGP: 
DGPs  6, 22.105 E 0.185 (1) 
Figure 6 shows DGPs assessed at the center of the electrochromic cell for six sunny days from 7 may 2015 to 13 
may 2015. 
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Fig. 6. DGPs assessment. At left DGPs and vertical outdoor illuminances measured for seven sunny days during occupancy time (from 8AM to 
6PM) from 7-05-2015 14h41 to 13-05-2015 16h35. At right DGPs cumulative frequencies for the same period. 
 
[12] showed that the user adjusts the blind so that a DGP of 0.36 results. He considers that 0.5 is a high value. 
According to [10] DGP>0.45 corresponds to intolerable glare: “an estimated 45% of people would feel discomfort in 
such lighting situation, while a value<0.3 is considered imperceptible”. Figure 6 shows that 69% of the occupancy 
time DGPs is lower than 0.36 which means that most of the time the occupant would not need  blind. But DGPs>0.45 
for 15% of the time which means that there is a risk of glare during sunny days and blinds would be necessary. 
The left figure shows that this case occurs around the time of zenith and when vertical outdoor illuminances are higher 
than 50000lux. 
 
4. Conclusion 
 
This research was the opportunity to study two different but connected aspects of comfort: thermal comfort and 
visual comfort provided by electrochromic glazing. Tests in climatic chamber highlighted the added value of 
electrochromic glazing in removing overheating, especially when coupled with low flow rate night ventilation. 
Electrochromic glazing would avoid using mechanical cooling. Tests using scale models showed that electrochromic 
glazing would eliminate over-illumination in an office, while maintaining quite good daylight autonomy, except in 
summer when the sky is overcast. In this case artificial lighting would be extensively used. Luminance measurements 
highlighted another risk of discomfort: In sunny days if the luminance of the sky is high there is a risk of glare, which 
means that additional internal blinds would be necessary. This risk was confirmed by DGPs measurements. 
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